When Triticum vulgare cv HD 2189 seedlings were grown in the presence of 125 micromolar BASF 13.338 (4-chloro-5-dimethylamino-2-phenyl-3(2H)pyridazinone), the rate ofelectron transport (H20 -methyl viologen) in chloroplast thylakoids isolated from the treated seedlings was higher (by 50%) as compared to the control at assay temperatures above 30°C. Below 30°C, however, the rate with the treated seedlings was lower than the control rate. The temperature dependence of the rate of photosystem I electron transport (2-dichlorophenol indophenolreduced -_ methyl viologen) in the treated system was similar to that in the control. At high temperatures (>30'C), with diphenyl carabazide as electron donor, the rates of electron transfer (diphenyl carbazide _ methyl viologen) were similar in the treated and in the control thylakoids. Direct addition of BASF 13.338 to the assay mixture for the measurement of rate of electron transport (H20 -_ methyl viologen) in the thylakoids isolated from the control plants did not cause any change in the temperature dependence of photosynthetic electron transport. These results suggested that the donor side of photosystem II became tolerant to heat in the treated plants. Chlorophyll a fluorescence emission was monitored continuously in the leaves of control and BASF 13.338 treated wheat seedlings during continuous increase in temperature (1C per minute). The fluorescence-temperature profile showed a decrease in the fluorescence yield above 55C; this decrease was biphasic in the control and monophasic in the treated plants.
Like most growth processes, photosynthesis is strongly affected by temperature (5) and the temperature dependence of dry matter production is closely linked to the temperature dependence of photosynthetic rate (7) . The observation that high temperature decreases the quantum yield of CO2 fLxation suggests a damage in the primary processes of photosynthesis taking place in the thylakoid membranes (1, 6) .
It has become increasingly evident that the relative unsaturation of the fatty acids of the photosynthetic membrane plays an important role in determining the tolerance to varying temperatures. An increase in the level of saturation of fatty acids accompanies the acclimation to high temperatures, while low temperature adaptation involves an increased synthesis of unsaturated fatty acid (5).
BASF 13 .338 has been shown to inhibit the biosynthesis of ' Supported by a research grant to SB from the Department of Science and Technology, Government of India (1 1(8)/80-SERC).
linolenic acid from linoleic acid (12, 13, 18, 28) leading to a decrease in the content of this particular fatty acid. Its decrease would be expected to bring about alterations in the physical nature of the thylakoid membranes leading to changes in the temperature dependence of thylakoid membrane bound activities.
Willemot (31) has shown that inhibition of linolenic acid biosynthesis in winter wheat roots by BASF 13.338 is accompanied by inhibition offrost hardening. St . John and Christiansen (29) have observed a decrease in chilling resistance of cotton seedlings when the synthesis of linolenic acid was inhibited by SAN 9785 (BASF 13 .338) treatment. St. John et al. (30) have shown that BASF 13.338 treatment reduced the tolerance of cotton to chilling injury, prevented frost hardening in wheat, barley, and rye and induced greater resistance in Sorghum and corn to high temperature stress. Contrary to these observations, Ashworth et aL (3) (21) . The chloroplast pellet was suspended in 20 mM with swirling and homogenized by giving three complete passes in a Teflon homogenizer. The homogenized suspension was mixed with 2 ml of 48% (w/v) sucrose in 20 mM Tris-HCl buffer (pH 7.5) to yield about 8 ml of suspension containing 12% (w/v) sucrose. The suspension was purified on a discontinuous sucrose gradient buffered as above consisting from bottom to top of 1 ml of 30% (w/v) sucrose, 1.5 ml of 23% (w/v) sucrose, and 2.5 ml of osmotically shocked chloroplast suspension in 12% sucrose. The tubes were centrifuged for 60 min in a swinging bucket rotor in an ultracentrifuge at 78,000g (Janetzki, VAC 601). Electron microscopic analysis revealed that the pellet contained the envelope free thylakoid membranes while the middle phase represented the complete chloroplast envelope membranes. Measurement of Electron Transport Activities. The rate of whole chain electron transport (H20 --MV;2 DPC -+ MV) in isolated chloroplasts was measured as 02 uptake. The rate of 02 consumption was recorded using a Clark type 02 electrode. The signal from the electrode was recorded on a strip chart recorder. The reaction mixture in a final volume of 1.5 ml contained 20 mM Tris-HCl (pH 7.5), 5 mM MgCl2, 10 mM NaCl, 100 mM sorbitol, 1 mm MV, 0.1 mM NaN3, 5 mM NH4Cl and thylakoid membranes equivalent to 20 Mg Chl/ml. PSI electron transport from the artificial electron donor to MV (DCIPH2 --MV) was assayed polarographically as O2 uptake. The reaction mixture in a final volume of 1.5 ml contained 20 mM Tris-HCl (pH 7.5), 2 mm sodium ascorbate, 100 AM DCIP, 5 AM DCMU, 5 mm NH4CI, 0.1 mm sodium azide, 1 mm MV, and chloroplasts equivalent to 10 Mg Chl/ml.
White actinic light (1500 ME/m2-s) was passed through a 10 cm water path before illuminating the sample. The temperature of the reaction chamber was controlled by means of circulating water from a temperature controlled water bath. Chl estimation was made according to Amnon (2) .
Fluorescence-Temperature Profile. The apparatus for measuring heat-induced fluorescence changes was essentially similar to that of Schreiber and Berry (23) . The fluorescence-temperature profile was recorded with intact leaves. To ensure rapid heat exchange and efficient 02 exchange between sample and water, the sample was directly exposed to the water flow. Temperature of the water circulating through the cuvette was slowly increased (1°C/min). The leaf temperature was measured with a copperconstantan thermocouple. The fluorescence signal after appropriate amplification was recorded on a strip chart recorder.
Analysis of Fatty Acid Composition. Total lipids were extracted from envelope-free thylakoid membranes according to Roughan and Batt (22) . Saponification was carried out as follows. The total lipid extract was taken in a small quantity of chloroform/ methanol mixture (2:1) in a glass stoppered flask. To this 2 ml of 40% alcoholic KOH and 0.1 ml of 0.01% ethanolic pyrogallol were added and the mixture was hydrolyzed at 90°C for 20 min. After cooling, the hydrolysate was extracted three times with an equal volume of hexane and the hexane extract was discarded.
The aqueous solution was acidified with 12 N HCI and left overnight at 0 to 4°C and extracted three times with equal volumes of hexane. The fatty acids were recovered in the hexane layer. The hexane layers were pooled and evaporated under N2.
Methyl esters were prepared by the addition of 1 ml of boron trifluoride (in 14% methanol) to the fatty acid solution in methanol and subsequently boiled in a water bath for 15 min. The methyl esters of fatty acids were extracted three times with hexane 2Abbreviations: MV, methyl viologen; DPC, diphenyl carbazide; DCIPH2; 2-6-dichlorophenol indophenol-reduced. and the hexane was evaporated in a steam of N2.
The fatty acid methyl esters were analyzed using a Gas Chromatograph (Hewlett Packard, 18850A) fitted with H2 flame ionization detector. The column was packed with 15% diethylene glycol succinate on Chromosorb A. The temperature of the column was adjusted to 160C and the temperature of the injection port and detection part were maintained at 220C. The N2 and the H2 gas flow rates were maintained at 40 ml/min. The methyl esters were dissolved in hexane and injected. Methyl esters of linolenic and linoleic acids were identified from the retention times of standard. RESULTS BASF 13338 Induced Changes in the Fatty Acid Composition. Analysis of fatty acid composition of envelope free thyalkoid membrane preparations from control and treated plants showed that there was a decrease in the content of linolenic acid relative to the content of linoleic acid (Table I ). This observation is in accordance with the reports of the earlier workers (1 1, 28 ). BASF 13338 Induced Changes in the Temperature Dependence of Photosynthetic Electron Transport. Figure 1 shows the effect of temperature of the assay mixture on the rate of whole chain electron transport (H20 -* MV) measured at saturating light intensity in the uncoupled chloroplasts prepared from control and treated plants. The rate ofwhole chain electron transport in the chloroplasts oftreated plants was lower than in the control at low temperatures (<30'C), and higher at higher temperatures (>30°C).
At high temperature (45°C) the rate of H20 --+MV reaction was markedly inhibited in both the control and the treated chloroplasts as compared to the respective rates at 30C which were practically the same. The inhibition, however, was less in treated chloroplasts. When DPC replaced H20 as electron donor, the rates were restored to the same level in both cases (Table II) ence between treated and control plants (Fig. 2) Figure 3 shows the temperature-induced changes in the Chl a fluorescence emission in the leaves of control and treated plants. The fluorescence intensity was continuously monitored while the temperature of the leaf was increased at a constant rate of 1C/min. The leaves were excited with broadband blue light (Coming CS 4-96). In the control plants, the fluorescence yield remained almost constant from 20 to 45C, above which the fluorescence yield started increasing reaching a maximum at 52C. Further increase in temperature resulted in a decrease in the fluorescence yield in a biphasic pattern with a break point around 64C. In the case of leaves from the plants grown in the presence of BASF 13.338, with the increase in temperature from 20C, the fluorescence yield started decreasing and the decrease continued up to 35°C and in the region of 36 to 45C, the fluorescence yield started increasing reaching a maximum at 52°C as in the case of leaves from control plants. Further heating resulted in a decrease in the fluorescence yield. However, in the leaves from the plants grown in the presence of BASF 13.338, the decrease in the fluorescence yield at high temperature did not appear to be biphasic. Figure 3 . A, Leaf infiltrated with distilled H20; B, leaf infiltrated with 125 ,M BASF 13.338. Figure 4 shows that the fluorescence temperature profile of the leaves from control and BASF 13 .338 treated wheat seedlings under PSI (480 nm) and PSII (430 nm) specific excitation were very much similar to the fluorescence-temperature profile obtained under broadband blue light excitation (Fig. 3) . Figure 5 shows the immediate effects of BASF 13.338 on the fluorescence-temperature profile of the intact leaves. In these experiments, the leaves obtained from control seedlings were infiltrated either with distilled H20 or BASF 13.338 solution at the concentration of 125 AM. The fluorescence-temperature profile was recorded immediately after infiltration. In the region of 20 to 35C, the fluorescence-temperature profile obtained for the BASF 13 .338 infiltrated leaf was qualitatively similar to the one obtained for the leaves from the plants grown in the presence of BASF 13.338 for 12 d. A control leaf infiltrated with distilled H20 did not show any deviation. Above 35C, the fluorescencetemperature profile was similar for both distilled H20 infiltrated and BASF 13.338 infiltrated leaves. In both leaves, the fluorescence yield started increasing at 46C and reached a maximum at 52C. The decrease in the fluorescence yield above 52°C showed a biphasic pattern with a break point at 64C in both leaves.
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DISCUSSION
Alterations in the Temperature Dependence of Electron Transport Reaction. The results of the present investigation point out that the BASF 13.338 besides manipulating the membrane fatty acid composition could bring about notable alterations in the temperature dependence of photosynthetic electron transport reaction. The observation that the temperature dependence of uncoupled light saturated rates of PSI electron transport (DCIPH2 --MV) was not affected while that of whole chain electron transport was altered due to treatment with BASF 13 .338 indicated that the BASF 13.338 induced changes occurred in the region located between the water splitting system of PSII and the site of electron donation by DCIPH2. Further experiments with DPC, an artificial electron donor to PSII, located the BASF 13.338 induced changes on the oxidizing side of PSII.
The observation that the direct addition of BASF 13.338 to the chloroplasts isolated from the control plants did not cause any change in the temperature dependence of photosynthetic electron transport indicates that BASF 13.338 induced changes in the temperature dependence of photosynthetic electron transport was not due to direct interaction of this compound with the thylakoid membranes but due to the alterations in the structural organization ofthe thylakoid membranes resulting from growing the plants in presence of this compound.
An increased thermostability of the water splitting system in Atriplex lentiformis grown at high temperature has been reported earlier (19, 20) . Both in the case ofA. lentiformis grown at high temperature and in the wheat seedlings treated with the BASF 13.338 the level of saturation of membrane fatty acids accompanied an increase in the thermostability of the PSII electron transport although the cause-effect relationship has yet to be examined.
Analysis of Temperature Induced Changes in the Chlorophyll a Fluorescence Emission. Changes in the fluorescence yield of Chl a provide a sensitive indicator of changes in the physical state of the thylakoid membranes, and heat induced changes in the physical state of the thyalkoid membrane can be detected by monitoring the Chl a fluorescence temperature profile (23) (24) (25) . In the Chl a fluorescence-temperature profile, at a given temperature, there is a sharp increase in the fluorescence yield and it has been shown that the acclimation ofphotosynthetic apparatus to different growth temperatures is reflected in the change of the temperature at which Chl a fluorescence rises (26, 27) .
Since our experiments on the temperature dependence of photosynthetic electron transport showed that BASF 13.338 treatment induces a certain degree of thermotolerance, we were interested to see whether any change could be detected in the fluorescence-temperature profile (either a change in the temperature at which the fluorescence starts rising or in the temperature at which the fluorescence intensity reached the maximum) in the intact leaves of seedlings grown in the presence of BASF 13.338 . As seen in Figure 3 , both in the leaves from control seedling and in the leaves of BASF 13.338 (15) and therefore these observed changes in the fluorescence yield in the region of 20 to 35C seems to be direct interaction of BASF 13.338 with the thylakoid membranes rather than due to the changes in thylakoid membranes resulting from growing the plants in the presence of this herbicide for 12 d.
Another feature in the fluorescence-temperature profile which distinguishes the leaves of plants grown in the presence of BASF 13.338 from the control leaves was the biphasic pattern of fluorescence decline at higher temperatures in the control leaves and its absence in the treated leaves. This modification seems to result from the alterations in the organization of the thylakoid membrane during its development in the presence of BASF 13.338, because a control leaf infiltrated with BASF 13.338 still showed a biphasic pattern.
Our observation that there was a decrease in the Chl a fluorescence yield in the temperature region of 55 to 70°C was in contrast to that by Downton and Berry (9) who observed an increase in the fluorescence yield in this region. They attributed fluorescence yield in this temperature range to emission from PSI, because the increase was more prominent with excitation at 430 nm or with leaves having an apparently higher ratio of PSI/ PSII. Our observation showed that the fluorescence yield in this temperature range was not only decreasing but was also independent of excitation at 430 and 480 nm. Moreover, the qualitative pattern of fluorescence yield was similar in the control and treated plants although treated plants had been shown to contain an altered ratio of PSII to PSI (8, 14) . Furthermore, it has been noted that while for certain plants including wheat there was a decrease in the fluorescence yield in the high temperature range, there was an increase for many other plants (16) . The increase or decrease in the fluorescence yield did not correlate with the Chl a/Chl b ratio of the plants. Thus, some factors other than PSII/PSI ratio, seem to be responsible in modulating the fluorescence yield at high temperature, and obviously further investigation is needed to explore this phenomenon.
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